Enhanced neural responses to rule violation in children with autism: A comparison to social exclusion  by Bolling, Danielle Z. et al.
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The  present  study  aimed  to  explore  the neural  correlates  of  two characteristic  deﬁcits  in
Autism Spectrum  Disorders  (ASDs):  social  impairment  and  restricted,  repetitive  behavior
patterns. To  this  end,  we  used  comparable  experiences  of  social  exclusion  and  rule  violation
to probe  potentially  atypical  neural  networks  in  ASD.  In  children  and  adolescents  with  and
without  ASD,  we used  the  interactive  ball-toss  game  (Cyberball)  to  elicit  social  exclusion  and
a  comparable  game  (Cybershape)  to  elicit  a non-exclusive  rule  violation.  Using  functional
magnetic  resonance  imaging  (fMRI),  we  identiﬁed  group  differences  in  brain  responses  to
social  exclusion  and  rule  violation.  Though  both  groups  reported  equal  distress  following
exclusion,  the  right  insula  and  ventral  anterior  cingulate  cortex  were  hypoactive  during
exclusion in  children  with  ASD.  In  rule  violation,  right  insula  and  dorsal  prefrontal  cortex
were hyperactive  in  ASD.  Right  insula  showed  a dissociation  in  activation;  it was  hypoac-
tive  to  social  exclusion  and  hyperactive  to rule  violation  in  the  ASD  group.  Further  probed,
different  regions  of  right  insula  were  modulated  in each  game,  highlighting  differences  in
regional  speciﬁcity  for  which  subsequent  analyses  revealed  differences  in  patterns  of  func-
tional connectivity.  These  results  demonstrate  neurobiological  differences  in  processing
social  exclusion  and  rule violation  in  children  with  ASD.. Introduction
Autism Spectrum Disorder (ASD) is characterized by
 triad of deﬁcits: social impairment, restricted and
epetitive patterns of behavior, and delayed or absent com-
unicative skills (APA, 2000). Social deﬁcits in individuals
ith ASD often result in exclusion from social interactionsOchs et al., 2001; Symes and Humphrey, 2010); a pattern
hat likely interferes with social learning and exacerbates
nterpersonal vulnerabilities. Thus, the importance of eluci-
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dating neural correlates of social exclusion in children and
adolescents with ASD is of speciﬁc interest given the behav-
ioral manifestation of the disorder. To accomplish this
end, the present study used Cyberball, an interactive com-
puterized ball-toss game (Williams et al., 2000), to elicit
feelings of social exclusion in children and adolescents
with and without ASD. Building from a host of behavioral
work, Cyberball has been used in functional magnetic res-
onance imaging (fMRI) studies to examine brain responses
to social exclusion in typically developing adolescents and
adults (Bolling et al., 2011; Eisenberger et al., 2003; Masten
et al., 2009; Onoda et al., 2009, 2010; Sebastian et al., in
press). These studies have identiﬁed brain regions involved
in processing social exclusion including ventral anterior
Cognitiv
the end of the scan. Following these exclusions, 21 TD
participants (15 males, 12.90 ± 2.59 years) and 16 ASD par-
ticipants (10 males, 12.36 ± 4.06 years) were included in
the Cyberball study. The mean amount of motion between
Table 1
Demographic information.
Measure Group
TD ASD
IQ
n 24 23
Verbal 103.54 (±17.12) 102.61 (±21.91)
Nonverbal 98.17 (±14.84) 97.70 (±18.74)
Overall 101.17 (±16.96) 100.87 (±18.81)
ADI-R
N 17
Social 21.06 (±4.44)
Communication and
language
16.76 (±4.04)
Restricted and
repetitive behaviors
4.29 (±2.69)
ADOS (module 3)
N 19
Social and
communication
9.26 (±2.94)
Stereotyped repetitive
behaviors
2.58 (±1.17)
SRS
N 21 18
Raw total score* 24.52 (±23.59) 95.44 (±32.53)D.Z. Bolling et al. / Developmental 
cingulate cortex (vACC), dorsal anterior cingulate cortex
(dACC), and insula, all of which have been linked to the
emotional response to exclusion; as well as ventrolateral
prefrontal cortex (vlPFC), which has a hypothesized role in
emotion regulation; and posterior cingulate cortex.
The Cyberball paradigm has been used in adolescents
with ASD (Sebastian et al., 2009) as well as adults with
Asperger Syndrome (AS; Andari et al., 2010). Sebastian and
colleagues reported that mood was signiﬁcantly modu-
lated by exclusion in typically developing adolescents, but
not in adolescents with ASD. In contrast, both groups of
participants in the study showed comparable decreases in
state anxiety following inclusion that did not persist after
exclusion. Andari et al. found that atypical emotional and
behavioral responses to exclusion in AS participants were
normalized with intranasal oxytocin administration. From
the adolescent work, it remains unclear whether similari-
ties in self-reported experience reﬂect comparable neural
substrates, or even whether individuals with ASD experi-
ence the game of Cyberball in the same way. Alternatively,
non-social factors might be responsible for the experience
of Cyberball distress in ASD. This is highly relevant, as social
exclusion also involves an element of expectancy violation,
in that one naturally expects to be included in social inter-
actions. Given the rigid cognitive style that characterizes
ASD, it is possible that the experience of social exclusion
is distressing speciﬁcally because of the violation of an
implicit rule governing social inclusion.
The current study used two interactive ball-toss games
to extricate behavioral correlates and neurobiological sub-
strates of social exclusion and rule (expectancy) violation
in children with ASD and typically developing peers. An
adaptation of the conventional Cyberball paradigm was
employed to assess brain regions active during the expe-
rience of social exclusion. We  used a second ball-toss
game, Cybershape (Bolling et al., 2011; Crowley et al.,
2011), to elicit rule violation in a comparable social con-
text in the absence of social exclusion. In this game, a
shape-matching rule dictated to whom the ball should
be thrown. The rule was periodically violated by one of
the online players, although the participant was  never
excluded from the game. Because some abnormal psycho-
logical responses to exclusion have been demonstrated
in ASD, we  hypothesized that brain mechanisms for pro-
cessing social exclusion may  underlie these differences.
Speciﬁcally, as suggested by past work elucidating the
neural correlates of social exclusion, we predicted group
differences in brain responses to exclusion in vACC and
right insula, two regions demonstrated to correlate with
distress during exclusion in typical adolescents (Masten
et al., 2009). Further, the preservation of anxiety reactions
to social exclusion in adolescents with ASD suggests that
some level of response to exclusion is preserved in autism,
and we hypothesize that it may  be the expectancy violation
inherent in exclusion to which individuals with ASD are
sensitive. We  hypothesize that, in contrast to social exclu-
sion, children with ASD would show increased behavioral
and neural sensitivity to rule violation.
Examining social exclusion and rule violation in chil-
dren with and without ASD allows for the investigation of
two distinct domains of deﬁcits characteristic of ASD. Thee Neuroscience 1 (2011) 280– 294 281
present study aimed to identify brain mechanisms asso-
ciated with differential functioning during social exclusion
and rule violation in children with ASD as compared to their
typically developing counterparts.
2. Participants
Data for this study were collected from 27 typically
developing (TD) children and 30 children with Autism
Spectrum Disorder (ASD). Following the implementation
of our various exclusion criteria, participants included
in analyses were 24 typically developing (TD) children
and adolescents (17 males, mean age = 12.83 ± 2.59 years,
range = 9.42–17.58 years) and 24 children and adolescents
with an Autism Spectrum Disorder (ASD; 15 males, mean
age = 12.81 ± 3.69 years, range = 7–17.92 years). Children
with ASD were diagnosed using the Autism Diagnostic
Observation Schedule (ADOS; Lord et al., 2000) and the
Autism Diagnostic Interview-Revised (ADI-R; Lord et al.,
1994), as well as experienced clinical judgment (Table 1).
In both groups, participants were excluded from analy-
sis for head motion deviation from initial position greater
than 4.5 mm or degrees in any of the 3 translational and
3 rotational directions at any point throughout the 5 min
scan, for excessive shape-matching errors in Cybershape
(>6 errors), and for previously playing any versions of
Cyberball. One TD and one ASD participant were ana-
lyzed on only a portion of the Cyberball paradigm (8 and
5 blocks, respectively) due to excessive motion only atIQ data are as measured by the Developmental Abilities Scale (DAS). All
autism assessment measures met the minimum cutoff for autism. Abbre-
viations: Autism Diagnostic Interview-Revised (ADI-R), Autism Diagnostic
Observation Schedule (ADOS), Social Responsiveness Scale (SRS).
* ASD > TD, p < 0.001.
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two successive volume acquisitions during Cyberball was
0.89 ± 0.76 mm  and 0.96 ± 1.03 mm in TD and ASD partic-
ipants, respectively. Nineteen TD participants (14 males,
13.19 ± 2.24 years) and 21 ASD participants (15 males,
12.81 ± 3.52 years) were included in the Cybershape study.
The mean amount of motion between two successive vol-
ume  acquisitions during Cybershape was 0.59 ± 0.60 mm
and 0.86 ± 67 mm in TD and ASD participants, respec-
tively. IQ, age, and volume-to-volume motion in each
game did not differ between participant groups (p > 0.05).
Order of game presentation was counterbalanced across
participants for both groups. Sixteen TD participants and
13 ASD participants were analyzed in both games. Fif-
teen participants included in the analyses believed that
they might have been playing against real people (9 ASD
mean age 13 years, 6 TD mean age 11.6 years; no sig-
niﬁcant age difference between groups, p > 0.05). While
the remaining participants suspected that the online play-
ers were not real, past behavioral work has found that
even when participants knew the ﬁctional nature of their
opponents, Cyberball exclusion still had negative effects
on mood and need threat (Zadro et al., 2004). The aver-
age number of participant errors (shape thrown to the
wrong player by the participant) in Cybershape was 1.25
(±1.6; maximum: 6), with 18 of the participants mak-
ing no errors (10 ASD, 8 TD). Written informed consent
was obtained from each participant according to a proto-
col approved by the Yale University Human Investigation
Committee.
2.1. Cyberball
A game of Cyberball began with a sham Google® search
engine screen where a link to “Cyberball” was  clicked by
the experimenter, followed by a “loading” screen. During
the loading period, the participants were told that they,
along with the other online players connecting to the game
through the Internet, were being logged into the game by
the experimenter. The participants were given two  button
boxes, one in each hand, allowing them to throw the virtual
ball to either the right or left. Prior to starting game play,
instructions were delivered visually and auditorily, and
the participants practiced playing the game for 16 throws,
after which the scan commenced. Participants continued
to play the Cyberball game for 5 min  in 10 continuous,
alternating blocks of fair play and exclusion. The paradigm
used was identical to the one previously described by
Bolling et al. (2011).  The computer players’ pictures were
matched on gender and ethnicity to each participant to
intensify feelings of exclusion (Wirth and Williams, 2009).
Immediately following the completion of the Cyberball
game, a ten-item questionnaire was given to 20 of the 21
TD participants and 14 of the 16 ASD participants ana-
Fig. 1. Top: whole-brain comparison of social exclusion and fair play in TD (n =
greater activation in social exclusion compared to fair play. Regions in blue show
k  = 34). Bottom: whole-brain comparison of rule violation and fair play in TD (n =
greater activation in rule violation compared to fair play. Regions in blue showed 
Activations are displayed on a Talairach-transformed template brain in radiologic
legend, the reader is referred to the web version of the article.)e Neuroscience 1 (2011) 280– 294 283
lyzed in Cyberball to assess exclusion-related distress. The
ten items of the questionnaire were administered visu-
ally and auditorily to the participant while still in the
scanner; though no functional data acquisition occurred
during this period. The participant could communicate
with the experimenter during this period if clariﬁcation
was needed on any of the items on the questionnaire. This
questionnaire was an abbreviated version of the Needs
Threat Scale (van Beest and Williams, 2006). Please refer to
Bolling et al. (2011) for a complete list of the items on this
questionnaire.
2.2. Cybershape
Cybershape (Bolling et al., 2011) was  used to explore
brain activation to social expectancy violation in the
absence of social exclusion. Cybershape began in the same
manner as Cyberball with the experimenter choosing a link
to “Cybershape” from a mock Google® screen, again fol-
lowed by a loading screen during which participants were
told that they were being logged into the game with other
online players. Identities of computer players varied across
the two cyber games. A visual and auditory explanation of
the shape matching rule, in which participants were asked
to throw the shape in their glove to the player with the
matching shape next to their picture, was  followed by a
period of practice during which the participant’s under-
standing of the game was conﬁrmed. Once the scan began,
participants played Cybershape for 5 min  in 10 continu-
ous, alternating blocks of fair play (rule consistent) and
rule violation. The paradigm used was  identical to the
one previously described by Bolling et al. (2011).  In fair
play, participants received the shape one-third of the time,
and the shape rule was never broken by the online play-
ers. In rule violation, participants still received the shape
one-third of the time, but one of the virtual players con-
sistently threw the shape to the wrong person. The rule
violations occurred both in favor of the participant (get-
ting the ball when it was  not his or her shape) and in
disfavor of the participant (not getting the ball when it
was his or her shape). As with our previous work, a ten-
item questionnaire to assess rule violation-related distress
was given to 17 of the 19 TD participants and 17 of the
21 ASD participants analyzed in Cybershape immediately
following the completion of the Cybershape game. The
ten items of the questionnaire were administered visu-
ally and auditorily to the participant while still in the
scanner; though no functional data acquisition occurred
during this period. The participant could communicate
with the experimenter during this period if clariﬁcation
was needed on any of the items on the questionnaire. Refer
to Bolling et al. (2011) for a complete list of the items on this
questionnaire.
 21; left) and ASD participants (n = 16; right). Regions in orange showed
ed greater activation in fair play compared to social exclusion (p < 0.05,
 19; left) and ASD participants (n = 21; right). Regions in orange showed
greater activation in fair play compared to rule violation (p < 0.05, k = 34).
al orientation. (For interpretation of the references to color in this ﬁgure
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3. Imaging protocol
Images were collected on a Siemens 3T Tim Trio scan-
ner located in the Yale University Magnetic Resonance
Research Center. Whole-brain T1-weighted anatomi-
cal images were acquired using an MPRAGE sequence
(TR = 1900 ms;  TE = 2.96 ms;  ﬂip angle = 9◦; FOV = 256 mm;
image matrix 256 mm2; voxel size = 1 mm  × 1 mm × 1 mm;
160 slices; NEX = 1). Whole-brain functional images were
acquired using a single-shot, gradient-recalled echo
planar pulse sequence (TR = 2000 ms;  TE = 25 ms;  ﬂip
angle = 60◦; FOV = 220 mm;  image matrix = 64 mm2; voxel
size = 3.4 mm × 3.4 mm × 4 mm;  34 slices) sensitive to
blood oxygen level dependent (BOLD) contrast.
4. Data analysis
Imaging data were preprocessed and analyzed using
the BrainVoyager QX 2.0 software package (Brain Inno-
vation, Maastricht, The Netherlands). Preprocessing of
the functional data included slice time correction (using
sinc interpolation), three-dimensional rigid-body motion
correction (using trilinear-sinc interpolation), spatial
smoothing with a FWHM 4-mm Gaussian kernel, and tem-
poral high-pass ﬁltering (fast Fourier transform based with
a cutoff of 3 cycles/time course). Functional datasets were
coregistered to within-session anatomical images, which
were in turn normalized to Talairach space.
Prior to multi-participant analyses, activation from
events in which participants were throwing the ball was
removed from the dataset for each participant in a regres-
sion analysis (Bolling et al., 2011). This regression was
performed to eliminate the potential confound of the lack
of decision making and motor response in the exclusion
blocks. For analytic consistency, the regression was  also
performed in Cybershape despite the fact that participants
threw with equal frequency in fair play and rule viola-
tion. In addition, all subsequent analyses were limited to
only voxels within the extent of the MNI  brain normal-
ized to Talairach space. This whole brain mask consisted
of 1,449,746 (1 mm × 1 mm × 1 mm)  voxels.
To identify brain regions modulated by exclusion in
Cyberball and rule violation in Cybershape, a random-
effects multi-participant general linear model (GLM)-based
analysis was performed for each game in each partici-
pant group separately. Regressors were deﬁned as boxcar
functions peaking during each condition, convolved with a
double-gamma hemodynamic response function (HRF). To
additionally account for motion during each scan, functions
of all of the 3 directions and 3 translations of movement
from each participant were included in each single-subject
GLM-based analysis as predictors of no interest.
For Cyberball a multi-participant GLM analysis was per-
formed for each participant group, and brain activation
in the contrast social exclusion > fair play was assessed at
Fig. 2. Regions showing signiﬁcant Group ×Condition interactions in Cyberball
value  differences (social exclusion–fair play or rule violation–fair play) in regions
a  signiﬁcant interaction. * Denotes similar patterns of interaction bilaterally. A
radiological orientation.e Neuroscience 1 (2011) 280– 294 285
an uncorrected statistical threshold of p < 0.05. To correct
for multiple comparisons, we  used a cluster threshold of
34 contiguous functional (3 mm3) voxels (Forman et al.,
1995; Goebel et al., 2006; Xiong et al., 1995). This clus-
ter threshold was  calculated to correspond to a corrected
threshold of  ˛ < .05 using a BrainVoyager QX Cluster-level
Statistical Threshold Estimator plug-in. This plug-in uti-
lizes a Monte Carlo simulation (with 1000 iterations) to
determine the relative frequency of each cluster size based
on characteristics of the dataset, with an  ˛ < .05 indi-
cating that all clusters of activation reported had a <5%
probability of occurring by chance. For Cybershape, two
multi-participant GLM analyses were performed, and the
contrast of rule violation > fair play was assessed at the
same statistical threshold of p < 0.05, corrected to  ˛ < .05
with an estimated cluster threshold of 34 functional voxels.
Following GLM analyses of Cyberball and Cybershape
within each participant group, we performed secondary
2 × 2 whole brain ANCOVA within each game to identify
regions exhibiting a signiﬁcant Condition (fair play versus
social exclusion or rule violation) × Group (TD versus ASD)
interaction. This analysis allowed us to identify regions that
showed different patterns of activation between partici-
pant groups which may  not have exhibited a main effect
of experimental condition in each group individually. This
analysis was  assessed in each game at an uncorrected
threshold of p < 0.05, corrected with a cluster threshold of
20 contiguous functional voxels. A slightly lower cluster
threshold than implemented in the within group anal-
yses was  used here to account for the lower statistical
power for identifying interaction effects, and to ensure
that potentially meaningful regions of interaction were not
wrongfully excluded in this secondary analysis. Findings
from this analysis were subsequently validated in more
speciﬁc ROI analyses.
More speciﬁc region of interest (ROI) analyses were
used to explore two regions that have been repeatedly
implicated in the processing of social exclusion in typically
developing populations: right insula and ventral anterior
cingulate cortex (vACC) (Bolling et al., 2011; Eisenberger
et al., 2003; Krill and Platek, 2009; Masten et al., 2009;
Onoda et al., 2009; Sebastian et al., in press). While vlPFC
has also been repeatedly implicated in emotion regulation
during social exclusion, concern about group differences
in emotional responses to exclusion inﬂuencing potential
differences in neural indices of emotion regulation led to
the decision not to explore a structural vlPFC ROI. The
vACC region was modiﬁed from the ACC region deﬁned by
the Talairach database (Lancaster et al., 1997, 2000). The
modiﬁcation excluded all voxels above the plane z = 9, cor-
responding to the tip of the cingulate genu. The right insula
region was deﬁned by drawing insular gray matter on the
MNI  brain, deﬁned as the region enclosed by the anterior,
superior, and inferior periinsular sulci. Mean contrast beta
values of activation in Cyberball (social exclusion–fair play)
 (top) and Cybershape (bottom; p < 0.05, k = 20). Bar graphs depict beta
 of interaction. Regions described are not inclusive of all regions showing
ctivations are displayed on a Talairach-transformed template brain in
2 Cognitiv
a
f
G
v
l
a
o
c
i
A
r
w
p
t
y
c
d
r
t
n
s
e
t
T
A
p
w
i
P
t
r
a
t
b
s
i
S
m
i
w
a
i
b
t
o
s
w
t
a
p
v
r
i
5
f
a86 D.Z. Bolling et al. / Developmental 
nd Cybershape (rule violation–fair play) were calculated
or each participant group in both structurally deﬁned ROIs.
roup (TD versus ASD) × Game (social exclusion–fair play
ersus rule violation–fair play) interactions were calcu-
ated with 2 ×2 ANOVAs for each of the two structural ROIs.
A speciﬁc examination of the interaction between group
nd game in the right insula revealed two distinct regions
f insula that were active in each participant group. TD
hildren showed activation in right middle and posterior
nsula (PI) during social exclusion, while children with
SD showed activation in right anterior insula (AI) during
ule violation. A psychophysiological interaction analysis
as utilized in these two conditions to attempt to com-
are the functional brain networks associated with these
wo non-overlapping regions of right insula. The PPI anal-
ses allowed us to identify regions that showed increased
onnectivity with right PI during social exclusion in TD chil-
ren, and regions that showed increased connectivity to
ight AI during rule violation in children with ASD. Prior
o the connectivity analyses, the global mean (average sig-
al across voxels) was removed from each volume, as a
urrogate method for physiological artifact removal (Fox
t al., 2005). Using functionally deﬁned regions of activa-
ion from the contrasts of social exclusion > fair play (in
D children) and rule violation > fair play (in children with
SD), PPI regressors for each game were created by multi-
lying the difference of the two task regressors (convolved
ith a double-gamma HRF) by the preprocessed, normal-
zed right insula ROI time course for each participant. This
PI function along with the task regressors and right insula
ime course were used as regressors in 2 multi-participant
andom-effects GLM analyses. The results were assessed at
 statistical threshold of p < 0.05, corrected with a cluster
hreshold of 34 functional voxels to  ˛ < .05.
In Cyberball, we examined the relationship between
rain activation during social exclusion and a social respon-
iveness measure administered to both TD and ASD partic-
pants. We  used raw scores on the Social Responsiveness
cale (SRS; Constantino and Todd, 2003) as a continuous
easure of social functioning which we subsequently used
n a whole brain voxel-wise covariate analysis. Raw scores
ere used because scores higher than 116 do not have
 corresponding t-score, disallowing correlation analyses
ncluding participants with these scores. We  looked for
rain regions in the contrast of social exclusion–fair play
hat correlated with raw SRS scores in a combined group
f 19 TD and 12 ASD participants. Results from this analy-
is were initially assessed at a p < 0.05, corrected to  ˛ < .05
ith a calculated cluster threshold of 100 contiguous func-
ional voxels. Because the contiguous regions of activation
t p < 0.05 were so expansive, results were reported at a
 < 0.01 (with a cluster threshold of 4 contiguous functional
oxels) to discern local maxima of signiﬁcant activation. All
egions present in the p < 0.01 results were also signiﬁcant
n the alpha-corrected p < 0.05 results.
. ResultsThe post-game measures conﬁrmed that participants
elt distress following the experiences of social exclusion
nd rule violation, and also identiﬁed group differences ine Neuroscience 1 (2011) 280– 294
distress levels. In TD children, the average total score on the
social exclusion distress questionnaire (SED-Q) was 25.70
(±7.68, n = 20; a score of 10 indicates no distress, while
a score of 50 indicates extreme distress), while the aver-
age total score on the rule violation distress questionnaire
(RVD-Q) was 22.17 (±4.76, n = 17, a score of 10 indicates
no distress, while a score of 50 indicates extreme distress).
In children with ASD, the average total score on the SED-Q
was  29.57 (±7.76, n = 14), and the average total score on
the RVD-Q was 25.59 (±4.37, n = 17). Scores on the SED-
Q did not differ between groups (p > 0.05). However, the
ASD group reported signiﬁcantly higher distress than the
TD group on the RVD-Q (t = −2.10, p = 0.04).
To investigate brain regions modulated by the expe-
rience of social exclusion in each group, random-effects
multi-participant-GLM analyses comparing social exclu-
sion > fair play were performed in TD children and children
with ASD separately (Fig. 1). Peak coordinates, statisti-
cal values, size, and anatomical labels for the regions
of differential activation in Cyberball are displayed in
Table 2. TD children showed signiﬁcant activation in
regions previously implicated in processing exclusion in
adults, including bilateral posterior insula, bilateral poste-
rior cingulate cortex (PCC), and ventral anterior cingulate
cortex (vACC). In addition, left vlPFC, left anterior supe-
rior temporal sulcus, and left parahippocampal gyrus (PHG)
were also more active to social exclusion. Regions that
showed preferential activation to fair play in Cyberball
included left cerebellum, parietal cortex, and right precen-
tral gyrus.
In children with ASD, only left retrosplenial cortex and
left precentral gyrus showed increased activation to social
exclusion during Cyberball. Regions that were more active
during fair play included bilateral parietal cortex, bilat-
eral ventrolateral prefrontal cortex (vlPFC), right anterior
insula, right middle frontal gyrus (MFG), right dorsome-
dial prefrontal cortex (dmPFC), left cerebellum, and right
precentral gyrus.
In Cybershape, both groups showed signiﬁcant brain
differences in the contrast of rule violation versus fair play
(Fig. 1, Table 3). TD children showed increased activation
to rule violation in orbitofrontal cortex, parietal cortex,
bilateral dorsolateral prefrontal cortex (dlPFC), dmPFC,
and right inferior temporal gyrus. In contrast, this group
showed increased activation during Cybershape fair play in
bilateral insula, bilateral hippocampus, bilateral paracen-
tral lobule, right cerebellum and cerebellar vermis, right
posterior cingulate cortex, left precentral gyrus, dorsal
anterior cingulate cortex (dACC), left retrosplenial cortex
and cuneus, and pons.
Children with ASD showed increased activation to rule
violation in dorsomedial and lateral prefrontal cortex, bilat-
eral insula, bilateral superior temporal sulcus (STS) and
supramarginal gyrus, bilateral caudate, right cerebellum,
middle occipital gyrus (MOG), and cuneus. This group
showed increased activation during Cybershape fair play in
subgenual ACC, vACC, left anterior middle temporal gyrus,
bilateral paracentral lobule, bilateral hippocampus, bilat-
eral PCC, and right posterior insula.
A 2 × 2 whole-brain GLM analysis in Cyberball iden-
tiﬁed regions showing a Group × Condition interaction
D.Z. Bolling et al. / Developmental Cognitive Neuroscience 1 (2011) 280– 294 287
Table  2
Areas of activation emerging from the comparison of social exclusion and fair play during Cyberball.
Brain region X Y Z Size t p
Social exclusion > fair play
TD
Right posterior insula 42 −13 10 8846 4.59 0.000181
Right  PCC 9 −52 7 2202 4.27 0.000371
Left  PCC/PHG −9 −58 7 10,005 5.01 0.000066
Ventral ACC −12 41 7 1841 3.33 0.003328
Left  vlPFC −51 18 −8 2040 3.66 0.001573
Left  anterior STS −45 −7 −8 2807 4.79 0.000111
Left  posterior insula −45 −22 13 8275 4.90 0.000086
ASD
Left  retrosplenial cortex −9 −34 4 2701 5.45 0.000068
Left  superior precentral gyrus −54 −13 40 1430 3.58 0.002731
Left  inferior precentral gyrus −57 −7 10 1387 3.65 0.002392
Fair  play > social exclusion
TD
Left cerebellum −42 −40 −38 1939 −3.49 0.002282
Parietal cortex 27 −58 58 26,296 −4.96 0.000075
Right  precentral gyrus 39 −1 61 5739 −3.82 0.00108
ASD
Right  parietal cortex 36 −46 49 10,895 −5.62 0.000049
Right  MFG  33 29 28 5069 −4.59 0.000356
Right  anterior insula 33 23 7 1475 −4.22 0.000742
Right  vlPFC 36 44 25 1108 −3.04 0.008249
Right  precentral gyrus 21 8 61 1289 −4.74 0.000262
Right  dmPFC 15 53 25 1156 −3.82 0.001665
Left  vlPFC −21 53 4 2266 −3.51 0.003131
Left  parietal cortex −33 −49 28 2648 −3.75 0.001941
Left  cerebellum −39 −37 −35 1903 −3.96 0.001265
ithin e
iations:
rontal gRegions identiﬁed in a full brain contrast of social exclusion to fair play w
voxel  with the maximum signal change in each region of interest. Abbrev
cingulate cortex (ACC), ventrolateral prefrontal cortex (vlPFC), middle f
sulcus  (STS).
(Fig. 2, Table 4). Regions of interaction driven by signiﬁcant
modulation during Cyberball in only the TD group included
right posterior insula, left PCC, right hippocampus, pre-
cuneus, and left vACC. Regions showing an interaction
driven by signiﬁcant modulation during Cyberball in only
the children with ASD included right postcentral gyrus,
right anterior insula, right MFG, and left SFG. Left MOG
was modulated by the experimental manipulation during
Cyberball in both groups. All of these regions except for
precuneus showed greater activation to social exclusion in
TD children compared to children with ASD.
In an identical 2 × 2 whole-brain GLM analysis in Cyber-
shape (Fig. 2, Table 4), regions showing a Group × Condition
interaction driven by signiﬁcant modulation during Cyber-
shape in only the TD group included bilateral vlPFC,
cerebellar vermis, and left precuneus. Regions of interac-
tion driven by signiﬁcant modulation during Cybershape in
only the children with ASD included bilateral dlPFC, right
precentral gyrus, bilateral supramarginal gyrus, dorsal ACC,
left SFG, and left cerebellum. Regions that were modulated
by the experimental manipulation in Cybershape in both
groups included bilateral anterior insula and left precentral
gyrus (both more active to rule violation in the ASD group),
as well as subgenual ACC (more active to rule violation in
the TD group).
Group × Game interaction analyses were performed in
structurally deﬁned regions of vACC and right insula, cho-
sen a priori to be of interest in processing social exclusion
(Fig. 3). These analyses revealed a signiﬁcant Group (TD
versus ASD) × Game (social exclusion–fair play versus ruleach group (TD and ASD). Talairach coordinates and statistics refer to the
 posterior cingulate cortex (PCC), parahippocampal gyrus (PHG), anterior
yrus (MFG), dorsomedial prefrontal cortex (dmPFC), superior temporal
violation–fair play) interaction in a structurally deﬁned
region of right insula (F = 7.78, p = 0.007) but not in vACC
(p > 0.05).
Further probing of the right insula guided by the ﬁnd-
ing that this region showed a Group × Game interaction
revealed that the area of right insula active in TD children
during social exclusion is regionally distinct from (poste-
rior to) the region of right insula that is active in children
with ASD during rule violation. An exploration of the task-
dependent functional connectivity of these regions using
PPI analyses revealed two  distinct brain networks asso-
ciated with right insula activation in each game (Table 5,
Fig. 4). The area showing greater functional connectiv-
ity during social exclusion (compared to fair play) to the
posterior region of right insula active in TD children was
bilateral paracentral lobule. Regions showing greater func-
tional connectivity during rule violation (compared to fair
play) to the anterior region of right insula active in children
with ASD included dorsal ACC, medial prefrontal cortex,
and mid-cingulate cortex, as well as left SFG, bilateral IFG,
right precentral gyrus, and left anterior insula.
A whole-brain voxel-wise covariate analysis including
all participants analyzed in the Cyberball contrast (social
exclusion–fair play) using raw SRS score as a covariate,
revealed several regions that showed a negative correla-
tion between activation to social exclusion and SRS score
included right posterior superior temporal sulcus (STS),
right anterior insula, left anterior STS, left cerebellum, and
right postcentral gyrus (Table 6, Fig. 5). This negative cor-
relation indicates that the more socially responsive the
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Table  3
Areas of activation emerging from the comparison of rule violation and fair play during Cybershape.
Brain region X Y Z Size t p
Rule violation > fair play
TD
Right MTG  60 −46 −2 3947 4.96 0.000102
Right  parietal cortex 39 −46 52 6501 5.01 0.000091
Left  parietal cortex −39 −70 40 3984 4.92 0.000111
Bilateral orbitofrontal cortex −18 59 1 23,543 5.25 0.000055
Right  anterior ITS 48 −1 −26 1700 3.71 0.001587
Right  dlPFC 33 11 46 2258 3.61 0.001985
Left  dlPFC −30 14 40 3540 4.49 0.000285
Dorsomedial PFC 3 29 46 7204 4.22 0.000512
ASD
Right  supramarginal gyrus 45 −43 52 10,622 4.87 0.000092
Right  STS 57 −19 −5 1303 3.61 0.001741
Right  cerebellum 33 −76 −35 6292 4.48 0.000229
Right  MOG 39 −82 16 1278 3.76 0.001235
Right  caudate 12 2 7 2017 4.88 0.000091
Cuneus −6  −55 37 4866 4.49 0.000224
Left  caudate −15 −4 7 1900 4.13 0.000516
Left  SMG/STS −45 −43 28 22,574 5.16 0.000048
Right  insula 39 20 13 7117 4.44 0.000252
Left  insula −36 20 −5 7409 5.40 0.000027
Dorsomedial and dorsolateral PFC 36 8 49 98,004 6.76 0.000001
Fair  play > rule violation
TD
Right cerebellum 21 −22 −23 1671 −4.58 0.000234
Right  posterior insula 33 −16 25 1633 −4.19 0.000545
Right  paracentral lobule 18 −46 52 1307 −3.68 0.001706
Cerebellar vermis 3 −49 −11 3927 −5.50 0.000032
Pons −9  −16 −35 2126 −4.37 0.000366
Left  cuneus −15 −76 13 1790 −3.81 0.001294
Left  precentral gyrus −36 −25 52 2596 −3.68 0.001726
Right  insula 39 −4 4 3306 −4.46 0.000304
Right  PCC 21 −46 13 3147 −4.54 0.000253
Right  hippocampus 30 −31 10 3830 −4.02 0.000806
Left  insula −27 −4 19 5147 −4.00 0.000839
Left  hippocampus −33 −34 −5 4922 −5.04 0.000085
Left  retrosplenial cortex −15 −43 4 3820 −4.9792 0.000097
Dorsal  ACC/left paracentral lobule −15 −16 28 2913 −4.00 0.00084
ASD
Subgenual ACC 3 14 1 2262 −4.30 0.00035
Ventral ACC −6 38 −2 1618 −3.44 0.002613
Left  anterior MTG  −63 −7 −11 1046 −4.06 0.000614
Bilateral paracentral lobule 9 −25 58 8697 −5.94 0.000008
Right  posterior insula 39 −10 22 1233 −3.50 0.002251
Right  PCC/Hp 18 −37 13 7664 −6.24 0.000004
Left  Hp −36 −25 −8 6060 −5.33 0.000033
Left  PCC −24 −31 7 5816 −4.70 0.000136
Regions identiﬁed in a full brain contrast of rule violation to fair play within each group (TD and ASD). Talairach coordinates and statistics refer to the voxel
with  the maximum signal change in each region of interest. Abbreviations: posterior cingulate cortex (PCC), anterior cingulate cortex (ACC), dorsolateral
prefrontal cortex (dlPFC), prefrontal cortex (PFC), middle temporal gyrus (MTG), inferior temporal sulcus (ITS), superior temporal sulcus (STS), middle
occipital gyrus (MOG), supramarginal gyrus (SMG), hippocampus (Hp).
Fig. 3. Group ×Game interaction in a structurally deﬁned region of right insula (left panel). Beta value differences in each group were graphed for Cyberball
(social exclusion–fair play; middle panel) and Cybershape (rule violation–fair play; right panel). This Group × Game interaction was signiﬁcant at a p = 0.007.
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Table 4
Regions showing signiﬁcant Group ×Condition interaction in Cyberball and Cybershape.
Brain region X Y Z Size F p
Cyberball
Right posterior insula 45 −16 22 1314 11.80 0.001544
Right  postcentral gyrus 42 −25 43 2735 10.37 0.00276
Right  anterior insula 33 14 1 850 13.00 0.000961
Right  hippocampus 30 −34 −8 586 9.52 0.003957
Right  MFG 30 32 22 558 8.61 0.005868
Precuneus −3 −73 46 585 8.93 0.005092
Left  ventral ACC 0 26 10 660 9.58 0.003859
Left  SFG −12 14 49 556 8.38 0.006491
Left  PCC −15 −58 13 1017 8.74 0.005552
Left  middle occipital gyrus −33 −64 13 763 12.75 0.00106
Cybershape
Right  supramarginal gyrus 54 −31 28 584 13.79 0.000653
Left  supramarginal gyrus −57 −37 19 5107 18.01 0.000136
Right  anterior insula 39 20 13 6115 16.26 0.000256
Left  anterior insula −51 8 7 4802 14.82 0.00044
Right  dlPFC 30 38 34 36,111 14.68 0.000464
Left  dlPFC −42 35 31 5599 16.23 0.000259
Right  vlPFC 36 41 −9 722 8.028 0.007333
Left  vlPFC −42 38 −8 1070 11.11 0.001919
Right  precentral gyrus 45 −1 40 1907 14.35 0.000527
Left  precentral gyrus −42 −7 43 4105 11.57 0.001592
Left  cerebellum 30 −43 −26 845 18.25 0.000125
Cerebellar vermis 6 −49 −11 1121 21.88 0.000036
Subgenual ACC −15 26 −12 1523 22.55 0.000029
Left  SFG −6 5 40 2482 9.39 0.003997
Left  dorsal ACC −9 14 34 1888 14.16 0.000566
Left  precuneus −12 −73 13 752 12.18 0.001239
 signal c
olateralTalairach coordinates and statistics refer to the voxel with the maximum
(ACC),  superior frontal gyrus (SFG), posterior cingulate cortex (PCC), dors
participant (lower SRS score), the more activation during
social exclusion in the identiﬁed regions. No regions
showed a positive correlation with SRS scores.
6. Discussion
The current study identiﬁed brain differences in pro-
cessing social exclusion and rule violation between
children with and without ASD. While both participant
groups reported comparable levels of distress following the
experience of social exclusion, each showed fundamentally
different patterns of brain activation during this exclu-
sion. In an analogous social task where a non-exclusive
rule violation occurred, participants with ASD also showed
divergent brain activation from their TD counterparts.
Unlike social exclusion, self-reported distress following
rule violation differed between groups. Thus, the current
study identiﬁed brain differences underlying processing
in two domains of deﬁcits characteristic of autism—social
impairment and restricted, repetitive behavior patterns.
Self-report measures conﬁrmed that both groups
experienced distress following social exclusion and rule
violation. Average item scores on the exclusion ques-
tionnaire were 2.57 and 2.97 for TD and ASD children,
respectively. An item score of 1 corresponds to no dis-
tress, while a score of 5 corresponds to extreme distress.
These scores were comparable to past work using a similar
version of the NTS in adolescents which reported a mean
item score of 2.90 (±0.73; Masten et al., 2009). This dis-
tress did not differ as a function of group membership;
children with ASD were equally distressed by exclusionhange in each region of interest. Abbreviations: anterior cingulate cortex
 prefrontal cortex (dlPFC), ventrolateral prefrontal cortex (vlPFC).
as their TD counterparts. In contrast, we did ﬁnd group
differences in distress following rule violation, with ASD
participants reporting signiﬁcantly greater distress follow-
ing Cybershape than TD participants. This difference may
reﬂect the inﬂexible adherence to routines or rituals rep-
resenting rigid, restricted behavior in ASD (APA, 2000).
Somewhat surprisingly, post hoc analyses did not reveal
any correlations between self-reported distress and brain
activation to exclusion or rule violation (versus fair play) in
the a priori ROIs in either participant group.
Exploring the main effects of the experimental manip-
ulations in each cyber game separately by group, we
demonstrated that in both participant groups BOLD
responses were sensitive to the experiences of social exclu-
sion and rule violation compared to fair play (Tables 2 and 3,
Fig. 1). TD participants showed differential activation
during Cyberball in regions previously implicated in
processing exclusion in typical adults and adolescents,
including right insula, ventral ACC, and posterior cingu-
late cortex (PCC; Bolling et al., 2011; Eisenberger et al.,
2003; Krill and Platek, 2009; Masten et al., 2009; Onoda
et al., 2009; Sebastian et al., in press). Participants with
ASD showed activation to social exclusion only in retro-
splenial cortex and left precentral gyrus. In Cybershape,
TD participants showed activation to rule violation in sev-
eral regions also shown to be active in typical adults during
this task (Bolling et al., 2011). These include bilateral pari-
etal cortex, dorsolateral prefrontal cortex, and dorsomedial
prefrontal cortex. In addition, TD children showed activa-
tion to rule violation in orbitofrontal cortex. Participants
with ASD showed similar activation to TD peers in dor-
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omedial and lateral prefrontal cortex and right parietal
ortices. In addition, ASD participants showed activation to
ule violation in bilateral caudate, superior temporal sulcus,
nd anterior insula.
To examine group-dependent brain differences in pro-
essing social exclusion, we conducted a Group × Condition
nteraction analysis, and identiﬁed regions that differed
igniﬁcantly by group in their differential responses to
xclusion and fair play (Table 4, Fig. 2). Ten regions met
his criteria: right anterior and posterior insula, right hip-
ocampus, right middle frontal gyrus, left ventral ACC,
ight postcentral gyrus, left superior frontal gyrus, left PCC,
eft middle occipital gyrus, and precuneus. All of these
egions except precuneus showed greater activation to
xclusion in TD compared to ASD participants. This pat-
ern of differences describes a deﬁcit in neural processing
f social exclusion in ASD which is in line with the notion
hat autism is fundamentally a disorder of social impair-
ent (Kanner, 1943; Wing and Gould, 1979). The unique,
pposite pattern seen in precuneus is interesting, given
his region’s central role in default mode network (DMN)
rocessing. This network of brain regions shows greater
onnectivity during task-independent processing and self-
eﬂection (Buckner et al., 2008; Fox et al., 2005). While
peculative, one might attribute the increased precuneus
ctivation in ASD participants to task disengagement dur-
ng social exclusion. Further work investigating DMN
unction in ASD is necessary to support this hypothesis.
To examine group differences in processing rule viola-
ion, we conducted a similar Group × Condition interaction
nalysis, and identiﬁed brain regions that differed sig-
iﬁcantly by group in their differential responses to rule
iolation and fair play (Table 4, Fig. 2). This analysis
dentiﬁed 16 distinct regions of interaction. Regions with
reater activation to rule violation in the ASD group (com-
ared to the TD group) included bilateral anterior insula,
ilateral dorsolateral prefrontal cortex, bilateral precentral
yrus, bilateral supramarginal gyrus, dorsal ACC, cerebel-
um, left superior frontal gyrus, and left cuneus. Regions
ith greater activation to rule violation in the TD group
ncluded ventral ACC and bilateral ventrolateral prefrontal
ortex. The identiﬁcation of regions which were hyperac-
ive to rule violation in ASD participants is concordant with
ur behavioral ﬁnding of higher self-reported levels of dis-
ress following rule violation.
The group dissociation found in dorsal versus ventral
nterior cingulate cortex and lateral prefrontal cortex dur-
ng Cybershape may  reﬂect a difference in the mode of
rocessing employed by each group during rule violation.
 distinction in ACC functioning has been suggested such
hat dorsal and ventral regions function in cognitive and
motional tasks, respectively (Bush et al., 2000; Devinsky
t al., 1995; Steele and Lawrie, 2004). Activation in dor-
al ACC and dorsolateral PFC in the ASD group during rule
iolation suggests that this group processed the distress-
ng rule violation in a more cognitive manner. The same
xperience in TD children that activated ventral ACC and
entrolateral PFC may  be processed in a more emotional
anner due to the social context of the game.
A Group × Game interaction analysis of activation in a
tructurally deﬁned region of right insula revealed that,e Neuroscience 1 (2011) 280– 294
compared to TD participants, children with ASD showed
hypoactivation in this region during social exclusion and
hyperactivation during rule violation (Fig. 3). Given this
region’s established role in typical processing of social
exclusion, more speciﬁc analyses were performed to assess
the activation underlying this signiﬁcant interaction. A
comparison of right insula regions showing a main effect
of manipulation in each game revealed that the region
active during social exclusion in TD children was poste-
rior to and non-overlapping with the region active during
rule violation in ASD children. Past work exploring func-
tional differences in insula subregions describes the more
posterior region as having an interoceptive function (Craig,
2002, 2009; Dupont et al., 2003), with functional connec-
tions to somatosensory and motor cortices (Deen et al.,
in press). In contrast, the anterior insula is described
as subserving a host of functions, including subjective
awareness (Craig, 2009) and cognitive control (Critchley
et al., 2001; Dosenbach et al., 2007; Grinband et al., 2006;
Thielscher and Pessoa, 2007), with functional connections
to the middle and dorsal ACC (Deen et al., in press; Taylor
et al., 2009). Anterior insula has been linked to subjective
experiences of physical pain (Casey et al., 1996; Coghill
et al., 1994; Craig et al., 2000; Craig, 2009; Dupont et al.,
2003; Derbyshire et al., 1997; Peyron et al., 2000; Brooks
et al., 2002; Kong et al., 2006) as well as emotion pro-
cessing (Critchley et al., 2005; Hennenlotter et al., 2005;
Jabbi et al., 2007) and conscious awareness (Klein et al.,
2007; Critchley et al., 2004). The ﬁnding that posterior
insula responds to exclusion in TD participants may  reﬂect
a more visceral response to social exclusion, while the
activation of anterior insula to rule violation in ASD partic-
ipants may  reﬂect a more cognitive, conscious emotional
response.
PPI analyses to assess task-related functional connectiv-
ity in each of these right insula regions in their respective
participant groups further illuminated differences in the
group-divergent insular processing of social exclusion and
rule violation. The right posterior insula region active
during social exclusion in TD children showed increased
functional connectivity during exclusion (versus fair play)
to regions of motor and somatosensory cortices. The right
anterior insula region active during rule violation in ASD
children showed increased connectivity during rule viola-
tion (versus fair play) to dorsal ACC, medial PFC, and left
anterior insula. This is in line with work describing dACC
and anterior insula as a “salience network” (Seeley et al.,
2007). The anterior insula activation and connectivity may
relate to the increased salience of rule violation in ASD
reﬂected in their higher self-reported distress levels fol-
lowing Cybershape. Anterior insula has been previously
found to show disordered functioning in individuals with
ASD during social tasks (Dapretto et al., 2006; Di Martino
et al., 2009). The ﬁnding that this region was  highly sensi-
tive to a social game in which rule violation occurs suggests
dysfunction in anterior insula might be better described as
differential contextual speciﬁcity in ASD (Fig. 4).In an attempt to elucidate behavioral factors in the
brain processing of social exclusion in both participant
groups, we included all participants in a whole-brain cor-
relation analysis using scores on the SRS as a covariate.
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Fig. 4. PPI analyses in regions showing signiﬁcant activation in TD children during social exclusion (shown in yellow) or in ASD children during rule violation
(green). Seed regions for the PPI analyses are depicted in the top panel. Regions showing increased functional connectivity to seed regions during social
exclusion (right) or rule violation (left) are depicted in the bottom panel (p < 0.05, k = 34). Activations are displayed on a Talairach-transformed template
brain  in radiological orientation. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of the article.)
Table  5
Summary of activations identiﬁed in the PPI analyses of functional connectivity with right insula.
Brain region X Y Z Size t p
Connectivity with right posterior insula in TD group
Social exclusion > fair play
Paracentral lobule/somatosensory cortex 21 −19 55 10,559 5.02 0.000066
Connectivity with right anterior insula in ASD group
Rule violation > fair play
Right IFG 58 17 22 4877 4.25 0.000388
Right  precentral gyrus 21 −16 46 1705 3.81 0.001109
Dorsal  ACC/dorsomedial PFC 36 −1 31 3028 5.34 0.000032
Medial  PFC 12 47 22 1849 4.65 0.000154
MidCC  3 −7 28 935 4.51 0.000214
Left  SFG −18 −1 43 1517 4.11 0.000545
Left  IFG/left AI −30 20 7 1214 3.70 0.001417
The TD right insula region was deﬁned by greater activation to social exclusion versus fair play, to which functional connectivity was subsequently assessed
with  a PPI analysis in the same Cyberball contrast. The ASD right insula region was deﬁned by greater activation to rule violation versus fair play, to
which  functional connectivity was subsequently assessed with a PPI analysis in the same Cybershape contrast. Talairach coordinates and statistics refer to
the  voxel with the maximum signal change in each region of interest. Abbreviations: inferior frontal gyrus (IFG), anterior cingulate cortex (ACC), middle
cingulate cortex (midCC), superior frontal gyrus (SFG), anterior insula (AI).
Table 6
Correlation between SRS score and activation in social exclusion versus fair play.
Brain region X Y Z Size r p
Social exclusion > fair play
Right postcentral gyrus 54 −16 28 443 −0.60 0.000474
Right  posterior STS 45 −37 16 111 −0.53 0.002743
Right  anterior insula 36 2 16 642 −0.63 0.000221
Left  cerebellum −12 −49 −20 437 −0.55 0.001658
Left  anterior STS −57 2 −11 137 −0.58 0.000843
This analysis was inclusive of all participants. Talairach coordinates and statistics refer to the voxel with the maximum signal change in each region of
interest. Abbreviations: superior temporal sulcus (STS).
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Fig. 5. Whole brain correlation analysis in Cyberball with all participants. Regions in blue showed a negative correlation with Social Responsiveness
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egions showing a negative correlation between SRS score
nd activation to social exclusion > fair play describe areas
hich were more active to exclusion the more socially
esponsive the participant. One region showing this pattern
hich we found of speciﬁc importance was right poste-
ior superior temporal sulcus (pSTS). Past work has shown
hat pSTS gray matter volume varied linearly with autis-
ic traits in typical adults (von dem Hagen et al., 2011),
nd pSTS activation was decreased during social process-
ng in autism (Kaiser et al., 2010; Herrington et al., 2007;
reitag et al., 2008). The absence of a Group × Condition
nteraction in this region supports the theory that pSTS acti-
ation to social exclusion indexes a general behavioral trait
f social responsiveness. This ﬁnding has the potential to
nform future work on individual differences in processing
ocial exclusion in children with and without ASD, provid-
ng support for the use of pSTS as a brain mechanism by
hich social responsiveness might be indexed in autism.
t is worth noting that the SRS correlation analysis was
eld to a more stringent threshold than the other analy-
es reported here (p < 0.01 versus p < 0.05). This was due to
he fact that the results of the SRS correlation were more
obust than those of both the within group and between
roup analyses. While interesting, this may  be a result of
he fact that the SRS correlation collapsed across partici-more active, the more socially responsive the participant (p < 0.01, k = 4).
al orientation. (For interpretation of the references to color in this ﬁgure
pant groups, increasing the statistical power of the analysis
(Table 6).
While illuminating in its identiﬁcation of atypical neu-
ral responses to both social exclusion and rule violation
in children and adolescents with ASD, this study incurred
several limitations. First, many participants suspected that
the online players were not real, although past behavioral
results suggest that exclusion by computer opponents is
signiﬁcantly distressing (Zadro et al., 2004). Second, the
modiﬁcation of the original behavioral Cyberball paradigm
to an alternating block design introduced several factors
that may  have affected brain responses to exclusion. The
original paradigm which had one long block of inclusion
followed by a long block of exclusion was  susceptible to
order effects, as well as confounding factors of scanner drift
and participant motion and fatigue differentially affecting
the later portions of the task. In addition, a long period of
exclusion was  not ideal for young participants, as there
was  concern that this design would result in task dis-
engagement. The current study’s alternating design with
shorter periods of exclusion is ideal for eliminating order
effects and keeping children engaged while still eliciting
feelings of exclusion, as evidenced by our self-report mea-
sures. A result of using the alternating design, however, is
that the distress questionnaire could only be administered
CognitivD.Z. Bolling et al. / Developmental 
after exclusion. A better comparison would be distress
scores following inclusion and exclusion separately, but the
nature of the design did not allow for this.
7. Conclusions
The present study used fMRI techniques to inform our
understanding of the experiences of social exclusion and
rule violation in children with ASD. It also provided evi-
dence for the ability of future studies to use neuroimaging
to draw conclusions about the experience of social inter-
actions in children with ASD that might not be apparent
from behavioral or observational measures alone. Further,
this work lays foundations for future investigation of brain
mechanisms that may  underlie the sensitivity to rule vio-
lations characteristic of autism. Finally, in demonstrating
hyperactivation of anterior insula during rule violation, we
provide an example suggesting that “deﬁcits” in activation
of social brain regions in autism may  be contextually
speciﬁc.
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